Geo-Magnetic Disturbance Analysis of HV and EHV Grids by Dugan, Roger
Engineering Conferences International
ECI Digital Archives
Modeling, Simulation, And Optimization for the
21st Century Electric Power Grid Proceedings
Fall 10-22-2012




Follow this and additional works at: http://dc.engconfintl.org/power_grid
Part of the Electrical and Computer Engineering Commons
This Conference Proceeding is brought to you for free and open access by the Proceedings at ECI Digital Archives. It has been accepted for inclusion in
Modeling, Simulation, And Optimization for the 21st Century Electric Power Grid by an authorized administrator of ECI Digital Archives. For more
information, please contact franco@bepress.com.
Recommended Citation
Roger Dugan, "Geo-Magnetic Disturbance Analysis of HV and EHV Grids" in "Modeling, Simulation, And Optimization for the 21st
Century Electric Power Grid", M. Petri, Argonne National Laboratory; P. Myrda, Electric Power Research Institute Eds, ECI
Symposium Series, (2013). http://dc.engconfintl.org/power_grid/12
Geo-Magnetic Disturbance Analysis 
of HV and EHV Grids
Roger C. Dugan
Senior Technical Executive, EPRI 





















Geomagnetic Storm and Electric Power System  
Induced DC VoltageSolar Flare
3© 2012 Electric Power Research Institute, Inc. All rights reserved.
Half-Cycle Saturation








Geomagnetic Storms  
– Solar Cycle: maximum in solar activity that takes place 
approximately every eleven years
• Large geomagnetic storms can occur with smaller cycles.
• The largest geomagnetic storms on record occurred during 
4© 2012 Electric Power Research Institute, Inc. All rights reserved.
smaller-than-average cycles.
– Electric utilities need to plan not only for Solar Cycles, 
but any GMD event that can occur.
– Electric utilities will have hours to 2-day advance notice 
of geomagnetic storm. [ NOAA Space Weather Prediction 
Center (SWPC) ]
Overview of GMD Research Activities
Refinement and
Enhancement
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Source: Statistical Occurrence of Modeled Geoelectric Field in Quebec (Pulkkinen et al., 2008)
1/100 year 10-second 
amplitude of 20 V/km
Effect of Latitude and Geology
on Electric Field Gradient
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GIC Induced from GMD Activity
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Source: National Weather Service, NERC GMD Workshop 2011  Report
GIC Conduction Paths
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Drivers of GIC Flow
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(PowerWorld Display)
































Sunburst Network GIC Measurement: 
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Developing and Validating 
Transformer Models
Ex: 3-phase, 3-limb, core type,
Model ABC
Electrical Thermal
Ex: 3-phase, 7-limb, core type,
Model XYZ
Electrical Thermal
Develop detailed model of one or two transformer types Test actual transformers to validate modeling methodology
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For each transformer type, model a handful of different transformers of that type










Filter these models – Select the most conservative result for each type for 
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NERC GMD Workshop April 2011
GIC Test Case
IEEE Trans. on Power Delivery – Oct 2012
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GIC Test Case – One Line Diagram
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Purpose: Provide a benchmark for software tools that compute GICs in HV/EHV networks
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Compensating for Earth Curvature
( )( ) lat2cos56.0133.111LN ∆φ ⋅−=
N N E EV E L E L= +
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( ) longcos2cos1872.05065.111LE ∆φφ ⋅⋅−=
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3-winding Wye-Delta-Wye
Autotransformer w/ Delta Tertiary






N N E EV E L E L= +
GMD source appears in series with 
line resistance
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V
OpenDSS Simulations are performed at 0.1 Hz
• GIC Test Case is provided with the standard installation
– www.Sourceforge.net
– Search for OpenDSS
• Described in the User Manual (snippet of script):
OpenDSS Script
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Mitigating GMD Effects
Model Best Practices: 
“What-if?” Analyses 
Using OpenDSS (GIC) 




2.Warning ( a few days)
3.Alert (hours)
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Hydro-Quebec Transenergie Interconnection
Questions?
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Together…Shaping the Future of Electricity
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